We performed mid-infrared spectroscopic observations of 18 local dusty elliptical galaxies by using the Infrared Spectrograph (IRS) on board Spitzer. We have significantly detected polycyclic aromatic hydrocarbon (PAH) features from 14 out of the 18 galaxies, and thus found that the presence of PAHs is not rare but rather common in dusty elliptical galaxies. Most of these galaxies show an unusually weak 7.7 µm emission feature relative to 11.3 µm and 17 µm emission features. A large fraction of the galaxies also exhibit H 2 rotational line and ionic fine-structure line emissions, which have no significant correlation with the PAH emissions. The PAH features are well correlated with the continuum at 35 µm, whereas they are not correlated with the continuum at 6 µm. We conclude that the PAH emission of the elliptical galaxies is mostly of interstellar origin rather than of stellar origin, and that the unusual PAH interband strength ratios are likely to be due to a large fraction of neutral to ionized PAHs.
Introduction
Elliptical galaxies provide dust grains with a unique environment, i.e. irradiation by old stellar radiation fields with little ultraviolet (UV) light and interstellar media mostly dominated by hot plasma. Their evolution and survival in hot plasma environments are interesting and important problems that have been addressed by many authors (e.g. Draine & Salpeter 1979; Dwek & Arendt 1992; Tielens et al. 1994; Tsai & Mathews 1995; Yamada & Kitayama 2005) . The presence of a considerable amount of interstellar dust in elliptical galaxies is quite common (e.g. Knapp et al. 1989) . Some elliptical galaxies contain surprisingly large dust masses considering their sputtering destruction in the hot plasma environments (Goudfrooij & de Jong 1995; Temi et al. 2004 ).
It has been found that even polycyclic aromatic hydrocarbons (PAHs) are present in several local elliptical galaxies with Spitzer (J. D. J. N. Bregram et al. 2006; Bressan et al. 2006; Kaneda et al. 2005; 2007a) and AKARI (Kaneda et al. 2007b ). Some of their spectra exhibit unusual PAH interband strength ratios: usually strong emission features at 6.2, 7.7, and 8.6 µm are weak in contrast to prominent features at 11.3 µm. The apparent weakness of the 7.7 µm feature is significantly affected by the continuum underlying shortward of 10 µm (J. D. ; once corrected for the continuum, some of the ratios become normal while some of the galaxies still show a weak 7.7 µm band. The weak PAH 6-9 µm emission might reflect physical conditions of the interstellar medium (ISM) in evolved systems such as elliptical galaxies, i.e. a dominance of neutral PAHs over ionized ones due to very soft radiation fields from evolved stars. Neutral PAHs emit significantly less in the 6-8 µm emission (Allamandola et al. 1989; Joblin et al. 1994) . Then what is the supplying source of the PAHs in elliptical galaxies? Although true nature and characteristics of interstellar PAHs are still in debate, PAH emission is generally regarded as excellent tracer of star-forming activity (e.g. Peeters et al. 2004 ). In addition, PAHs are expected to be easily destroyed through collision with high energy particles in hot plasma, although reliable estimates on their destruction efficiency are still unavailable. Hence the presence of the PAHs in the elliptical galaxies seems to be incompatible with their passive interstellar environments dominated by hot plasma.
There are mainly three candidates for the origin of PAHs in elliptical galaxies: products from stellar mass loss, recent merger events, and cooling flows. ISO results show that evolved stars can produce unusually strong 11.3 µm PAH features (Hony et al. 2001; Cesarsky et al. 1998) , which may be attributed to the above unusual PAH interband strength ratios. On the other hand, J. N. reported that normal quiescent elliptical galaxies do not exhibit significant PAH emission features; the presence of PAHs might suggest star formation in the recent past that has been triggered by a merger event (Kaneda et al. 2007a ). In connection with the cooling flow, Temi et al. (2007) recently suggested that the AGNassisted feedback outflow from a central reservoir may play an important role in supplying dust into the interstellar space of elliptical galaxies; PAHs might come from residual dust fragments diminished by sputtering.
Alternatively, the characteristics of the PAH emission may be regulated by nuclear activities of the galaxies. A significant fraction of local elliptical and spiral galaxies are known to harbor a low-luminosity AGN (LLAGN), including a low-ionization nuclear emission region (LINER) nucleus (e.g. Ho et al. 1997) . Smith et al. (2007) have reported that the peculiar PAH features with an unusually low ratio of the 7.7 µm to the 11.3 µm emission strength arise from systems with relatively hard radiation fields of LLAGNs. Sturm et al. (2006) have shown that IR-faint LINER galaxies have very weak PAH features in the 5-10 µm range but strong 11.3 µm features.
Spectroscopic observations of elliptical galaxies are comparatively few in the mid-infrared (IR), and thus the properties of PAHs in such evolved systems as elliptical galaxies are less understood. For further discussion, a larger sample was definitely required to obtain the correct and comprehensive view. Hence we performed mid-IR spectroscopic observations of 18 nearby dusty elliptical galaxies by using the Infrared Spectrograph (IRS; Houck et al. 2004 ) on board Spitzer (Werner et al. 2004 ) within a framework of the Spitzer 3rd Guest Observers (GO3) program (PI: H.K.). The objective of the program is to investigate environmental effects on PAHs and very small grains (VSGs) in elliptical galaxies by increasing a number of the sample of such elliptical galaxies as observed in our GO1 program, where we detected the unusually low PAH 7.7/11.3 ratios (Kaneda et al. 2005) . The sample galaxies are among IRAS dusty elliptical galaxies as described in Goudfrooij & de Jong (1995) ; dust masses derived from the IRAS flux densities exceed by more than one order of magnitude the threshold where dust is replenished by stellar mass loss at the rate given by Faber & Gallagher (1976) and destroyed for the destruction time scale of 10 7 yr. This time scale corresponds to a typical maximum value for the sputtering destruction in elliptical galaxies known to contain X-ray-emitting gas (e.g. Canizares et al. 1987) . The properties of the observed elliptical galaxies are summarized in Table. 1, which have similar properties in morphological type, distance, size, and optical luminosity. Most of them are also detected in the X-ray with ROSAT (O' Sullivan et al. 2001) , and thus relatively X-ray-bright dusty elliptical galaxies.
The IRS spectra are ideal to study the environmental effects on PAHs; its continuous spectral range is well matched to study the overall properties of the PAHs emission features at 6-19 µm. We have significantly detected PAH emission features from 14 out of the 18 galaxies, most of which tend to show the aforementioned unusually low PAH 7.7/11.3 ratios as well as relatively strong 17 µm emission features. The detection of such PAH features will impose strong restrictions on the physical state of the PAHs and thus their origin. This will provide key information on the issues about the evolution of elliptical galaxies as well.
Observations and Data Reduction
The Spitzer/IRS observations of the 18 nearby elliptical galaxies were carried out in our GO3 program from 2006 Jul to 2007 Aug, except for the IRS/Short-Low (SL) observations of the 7 galaxies that had been performed in our GO1 program. The summary of the observation log is listed in Table 2 . For each galaxy, we obtained 5-37 µm spectra using the IRS/SL and Long-Low (LL) modules in the standard staring mode. Each target was observed as two fixed cluster offsets, one of which is positioned on the center of a galaxy, while the other is dedicated for observing its nearby blank sky. The sample consists of relatively dusty elliptical galaxies, and yet, even those elliptical galaxies are so faint in the mid-IR that we have taken long exposure in staring rather than short exposure in spectral mapping for the same total amount of observation time.
Starting from the S15.3 or S16.1 pipeline products provided by the Spitzer Science Center (SSC), we extracted and calibrated the IRS spectra by using the SPICE (version 2.0.4) software package. We first operated subtraction in two dimensions of background from signal data for each sub-slit and nod position; a blank sky was observed with a spatial separation of about 2 ′ −3 ′ from the center of each galaxy. The subtraction of the background resulted in removing many rogue pixels. Any remaining rogue pixels were then removed as much as possible by using the IRSCLEAN tool.
As shown in Table 1 , the galaxies are significantly extended more than IRS point sources. Therefore, we followed the reduction strategy for extended sources recommended by the SSC. We performed a 14-pixel-fixed column extraction on the sources along the diffraction orders, which corresponds to the extraction aperture lengths of 25 ′′ for SL and 71 ′′ for LL. These cover most of the mid-IR brightness distribution along the slit length for each galaxy. To estimate aperture-loss correction factors, we performed a similar extraction on a standard calibration star, HR 7341, and compared spectra to those obtained from the standard column extraction for point sources. In the diffraction direction, we assumed constant brightness distributions of the galaxies, because the slit widths were so short as compared to the galaxy sizes, by which slit-loss correction factors were taken into account. The resulting flux correction factors have wavelength-dependent values of 0.6-0.8 for SL and 0.7-0.9 for LL. Further division of the corrected flux density by the extracted area given by the slit width and the extraction aperture yields spectra in surface brightness units, i.e. MJy sr −1 .
For each of the SL and LL modules, the third "bonus" order has not been included; the first and second orders matched fairly well and required no further base-line adjustment. The spectral mismatches caused by the difference in extraction aperture and slit width between the SL and LL modules were removed by scaling SL to match LL at several overlapping pixels. The ends of each order where the noise increases significantly were manually clipped. Figure 1 shows the mid-IR spectra thus obtained with the IRS for the 18 elliptical galaxies. In order to facilitate comparison, we use a common vertical axis range of a factor of 30 for each spectrum. For IC 3370, the SL observation missed the center of the galaxy by 10 ′′ , which caused significant reduction in the signal-to-noise (S/N) ratio of the SL spectrum.
Results
As shown in Fig.1 , the PAH emission features are detected from most of the sample elliptical galaxies, and thus it is found that the presence of PAHs is not rare but rather common in dusty elliptical galaxies. Most of these galaxies have a PAH emission spectrum with an apparently unusually low ratio of the 7.7 µm to the 11.3 µm emission strength, as found in Kaneda et al. (2005) . As described below, however, there will be possible problems with the measurement of the 7.7 µm band strength due to the presence of an underlying continuum. The PAH 17 µm emission appears to be strong relative to the PAH 7.7 µm emission as well. A large fraction of the galaxies also exhibit H 2 rotational lines and ionic fine-structure lines. At shorter wavelengths, the continua are dominated by blackbody emission from low-mass asymptotic giant branch (AGB) stars with temperatures of 3000 K to 5000 K (Athey et al. 2002; Xilouris et al. 2004; Temi et al. 2005; 2008) . Interstellar dust contributes to the continuum emission at longer wavelengths through stochastic heating of VSGs. Only the gas emission lines of H 2 S(1) and S(3), [NeII] 12.8µm, [NeIII] 15.6µm, and [SiII] 34.8µm are bright enough to obtain their line intensities from a significant fraction of the sample galaxies. In order to perform a statistical study, therefore, we concentrate on these gas emission lines as well as the three major PAH emission features at 7.7µm, 11.3µm, and 17 µm.
In order to fit the full 5-37 µm low-resolution spectrum, we have used the PAHFIT program developed by the Spitzer SINGS legacy team (Smith et al. 2007; Kennicutt et al. 2003) , which is primarily designed for decomposing Spitzer IRS spectra of PAH emission sources. The fitting results are summarized in Table 3 . The strengths of the three main PAH bands are obtained by adding emission sub-features at 7.4, 7.6, and 7.8 µm for the 7.7 µm complex, those at 11.2 and 11.3 µm for the 11.3 µm complex, and those at 16.4, 17.0, 17.4, and 17.9 µm for the 17 µm complex. The PAH interband strength ratios of 7.7/11.3 and 17/11.3 as well as the gas line ratios of [NeIII]/[NeII] and H 2 S(3)/H 2 S(1) are listed in Table 4 .
Most of the spectra of the sample galaxies are well reproduced by the PAHFIT program. However, even by taking into account that spectral data errors are only statistical ones, reduced chi-squares for fitting are unacceptably high in some galaxies, where the spectrum contains silicate emission as silicate dust signature of AGB star winds (e.g. NGC 1407; Bressan et al. 2006) , or a strong mid-IR continuum emitted by hot dust (NGC 1052). Such contributions are not considered in the PAHFIT program. Therefore, for the spectral ranges affected by those features, we locally fitted the spectrum by quadratic base-line fits; we used Gaussians to fit the line profile of atomic/H 2 lines and Lorentzians for discrete PAH features. As a result, we have confirmed that the detection of the PAH 11.3 µm feature is significant for all the galaxies except NGC 1407, NGC 1549, NGC 3904, and NGC 4696 with a S/N ratio larger than 5 ( Table 3 ).
As pointed out by J. D. , a broad 7.7 µm emission feature may appear to be relatively weak due to the presence of a stellar silicate feature and continuum underlying shortward of 10 µm. In order to investigate the effect, we have obtained an approximate spectral template of the stellar component by averaging the spectra of the three quiescent elliptical galaxies in the sample, NGC 1407, NGC 1549, and NGC 3904, and then subtracted the template from each spectrum in Fig.1 , normalized at the wavelength of ∼5.4 µm. The spectra thus obtained are shown in Fig.2 for the representative elliptical galaxies. The broad 7.7 µm feature that can hardly be recognized in Fig.1 emerges clearly in Fig.2 , which is due to the removal of the continuum depression around 8 µm as seen in the spectra of NGC 1407, NGC 1549, and NGC 3904 (Fig.1) . We have again used the PAHFIT program to obtain the strength of the PAH 7.7µm feature for the stellar-componentsubtracted spectra, which will be denoted as PAH 7.7 * hereafter. The resultant PAH 7.7 * as well as the PAH 7.7 * /11.3 ratio are summarized in Table 5 . The bottom panel in Fig.2 shows comparison between PAH 7.7 * and PAH 7.7; in the high and intermediate ranges of the PAH 7.7µm feature strength, the difference between PAH 7.7 and 7.7 * is only a factor of about 1.5-2, however PAH 7.7 * can be 7-8 times stronger than PAH 7.7 in the low region. Hence we consider PAH 7.7 * instead of PAH 7.7 in the following discussion.
4. Discussion 4.1. Correlation plots of PAH 11.3 with other spectral components Figure 3 shows the variations of the strength of the PAH 11.3 µm feature with respect to those of other spectral components, which are derived from the spectral fitting. The continuum intensities at 6 µm and 35 µm are monochromatic values obtained from the best-fit model continuum. For each plot, we use a common vertical axis range of 3 orders of magintude. Their variations among the galaxies are quite different from component to component, as seen in Fig.3 . Particularly, the continuum at 6 µm shows relatively small variations from galaxy to galaxy. This is consistent with the similarity in the optical luminosity among the sample galaxies (Table 1) , because the continua at 6 µm of elliptical galaxies are dominated by AGB stellar photospheric emission (Athey et al. 2002; Xilouris et al. 2004; Temi et al. 2005; 2008) .
Here and hereafter, the box in the figures indicates that the galaxy have a LLAGN, categorized as LINER, Seyfert, or possibly LINER on the basis of the NASA IPAC extragalactic database (NED); in our sample, 9 galaxies out of 18 are such targets. The thick box in each figure corresponds to the plot for NGC 1052, where the continuum emission at long wavelengths is exceptionally strong (see Fig.1 ) and most probably carried by hot dust heated by its nuclear activities; NGC 1052 is a prototypical LINER galaxy (Sugai & Malkan 2000) . A linear-correlation coefficient, R, obtained by a straight line fit to the data points with S/N ratios greater than 3, is also attached to each plot, together with the number of the data points used in the calculation. We below adopt the criterion of R > 0.7 as statistical significance of correlation, which implies confidence levels of about 95-99.5 % for 8 ∼ 14 data points (Bevington & Robinson 2003) . For the plots related to the continuum emission at 35 µm, the contribution of NGC 1052 is excluded in calculating the correlation coefficient.
As seen in Fig.3 , the strength of the PAH 11.3 µm feature is significantly correlated with those of the PAH 7.7 * µm and the continuum at 35 µm, while it is not correlated with the strengths of the PAH 17 µm feature, the [NeII]12.8 µm, and the H 2 S(1) line as well as the continuum at 6 µm. It is not correlated with the [SiII]34.8 µm line strength, either (R = 0.096). In particular, the PAH feature strength increases in proportion to the intensity of the interstellar VSG continuum at 35 µm. In contrast, there is no significant correlation of the PAH with the stellar continuum emission at 6 µm. If the PAHs were supplied by mass loss from evolved stars and subsequently destroyed in the hot plasma, the observed strengths of the PAH and the stellar emission would be closely linked to each other. Hence, the marked difference in the relation of the PAH with the 6 µm and the 35 µm continuum implies that the observed PAHs are mostly of interstellar origin rather than of stellar origin, supporting the result obtained by J. D. from an elliptical galaxy NGC 4697.
In addition to the PAH features, a series of H 2 rotational lines as well as ionic finestructure lines such as [NeII] and [NeIII] are detected from a large fraction of the elliptical galaxies, implying the presence of warm molecular and ionized gases. Since there is no significant correlation between the strengths of the [NeII]/H 2 lines and the PAH feature (Fig.3) , the PAH emission does not seem to come from the same regions that emit the [NeII] and H 2 lines. Thus the ISM of the elliptical galaxies seems to consist of components of a wide range of physical conditions. Figure 4 shows the PAH 7.7 * /11.3 and PAH 17/11.3 ratios plotted against the strength of the PAH 11.3 µm feature. As for PAH 7.7 * /11.3, 12 out of 15 data points in Fig.4 have significantly (> 3σ) small values as compared to the ratio of ∼4.2 that is the median of the galaxies with HII region or starburst-like optical spectra in the SINGS sample (Fig.14 in Smith et al. 2007 ). They also exhibit systematically lower values than 2.0-3.3 for Galactic diffuse emission (Sakon et al. 2004 ) and 1.8-3.0 for normal galaxies (Lu et al. 2003) , both of which were estimated by spline-based continuum fitting. Because the full decomposition by PAHFIT produces about 2 times larger PAH 7.7/11.3 ratios than the conventional splinebased fitting (Smith et al. 2007 ), the differences are significant for most of the galaxies. On the other hand, the mean value (∼0.6) of the PAH 17/11.3 ratios is close to the ratio of ∼0.5 averaged over all the SINGS sample galaxies, thus exhibiting usual interband strength ratios as a whole, although they have a large scatter. Figure 4 indicates that the variations of the PAH 7.7 * /11.3 and the PAH 17/11.3 ratio with the PAH 11.3 µm emission strength is not significant. The overall behavior of the PAH 17/11.3 ratio suggests that the size distribution of the PAHs is not biased toward large sizes without any systematic change with the PAH emission strength, because the PAH 17/11.3 ratio strongly depends on the size of PAHs (e.g. Draine & Li 2007) . On the other hand, the PAH 7.7/11.3 ratio strongly depends on the fraction of ionized to neutral PAHs (Allamandola et al. 1989; Draine & Li 2007) ; the dependence of the 7.7/11.3 ratio on the PAH size is rather weak (Schutte et al. 1993) . For example, changes of the ionizing state of PAHs by decrease in the PAH 7.7/11.3 ratio were observed in Galactic reflection nebulae with distance from the central star (Bregman & Temi 2005) , and from the arm to the inter-arm region in the spiral galaxy NGC 6946 (Sakon et al. 2007) . Hence the unusual weakness of the PAH 7.7µm emission features in the elliptical galaxies is reasonably explained by a larger fraction of neutral to ionized PAHs due to very soft interstellar radiation field from evolved stars.
PAH interband strength ratios
As seen in Figs.3 and 4 , there is no systematic difference in strengths of the PAH 7.7 and 11.3 µm features between the LLANG and the non-LLAGN elliptical galaxies, although the three faintest galaxies in both PAH and gas line emissions belong to non-LLAGNs. However, there seems to be a significant difference in the strength of the PAH 17µm feature. The galaxies with a LLAGN show stronger PAH 17µm features, suggesting that the AGNassisted feedback flow may contribute to the supply of large PAHs into the interstellar space. As for NGC 5044 in our sample, Temi et al. (2007) found evidence of such feedback flow. They suggested the presence of PAHs in the flow on the basis of the IRAC 8 − 4.5 µm difference image, which might come from residual dust fragments diminished by sputtering. In the IRS spectrum of NGC 5044 in Fig.1 , there may be a broad PAH feature around 7.7 µm, although it is not significant due to a low S/N; for the stellar-continuum-subtracted spectrum in Fig.2 , the 7.7 µm feature is significant with ∼1.5 times higher strength (Table  5 ). In addition, the H 2 S(5) line at 6.9 µm is so strong that it contributes to the IRAC 8 µm (6.5-9µm) band by ∼2 % based on the IRAC system respose curve in the Spitzer Observer's Manual with the observed spectrum.
Relation of PAH ratios with gas line ratios
To investigate the relation of the PAH emission features with the warm and the ionized gas, including the relation of their heating/excitation mechanisms, the variations of the PAH 7.7 * /11.3 and 17/11.3 ratios are plotted against the line ratios of [NeIII]/[NeII] and H 2 S(3)/H 2 S(1) in Fig.5 . There are no significant correlation for every plot according to the criterion R > 0.7.
The [NeIII]/[NeII] line ratio is a good indicator of hardness of radiation field with an ionization potential ratio of 41 eV/21.6 eV. As seen in Fig.5 , the ratios are systematically higher for the LLAGN galaxies than those for the non-LLAGN galaxies. Therefore, the highly-ionized gas responsible for the [NeII] and [NeIII] lines is likely to be associated with the LLAGN (e.g. AGN tori). Although our result is consistent with the plot in Fig.14 (Fig.5) . Therefore the PAH emission features of the elliptical galaxies are not significantly affected by the hard radiation from the LLAGNs. In fact, the hard radiation field cannot permeate the diffuse ISM of the whole galaxy; otherwise, the 7.7 µm emission features from ionized PAHs would be dominant as usual.
The prototypical LINER galaxy, NGC 1052, shows the smallest [NeIII]/[NeII] line ratio among the LINER galaxies in the sample (Fig.5) . On the basis of such a small [NeIII]/[NeII] line ratio observed with ISO, Sugai & Malkan (2000) concluded that slow-shock excitation is a dominant source for NGC 1052. They obtained an upper limit of <0.3 for the [NeIII]/[NeII] line ratio. We have a better measurement, which shows a larger value (0.58±0.06) than their upper limit. Nevertheless both measurements are in agreement with each other at the 3σ level. The other LINER galaxies show rather larger [NeIII]/[NeII] line ratios despite their low nuclear activities inferred from much weaker dust continuum emission at longer wavelengths (Fig.1) .
The presence of H 2 lines implies that there is the far-UV emission from early-type stars illuminating photodissociated regions (PDRs) or shocks providing collisional heating. PAHs are excited not only by far-UV photons but also by lower energy photons. As seen in Fig.5 , the galaxies in the sample show the H 2 S(3)/S(1) line ratios ranging from 0.6 to 3, which correspond to the H 2 excitation temperatures of 200 − 400 K (Turner et al. 1977 ).
The properties of warm molecular hydrogen were studied in detail from a series of pure rotational H 2 lines of the Spitzer SINGS galaxy sample (Roussel et al. 2007) . They found that a large fraction of the targets classified as LINERs or Seyferts showed a clear departure from the rest of the sample in having warmer H 2 in the excited states, suggesting that there is a dominant contribution of the H 2 lines from large-scale shock heating by dynamical perturbation (e.g. the interaction of nuclear jet with the ISM). From this viewpoint, we do not see a clear difference between the LLAGN and the non-LLAGN elliptical galaxies in Fig.5 , although there is a hint in Fig.3 that the LLAGN galaxies have stronger H 2 S(1) emission with respect to the PAH 11.3µm emission.
Dependence on X-ray luminosity
In Fig.6 , the equivalent widths of the PAH 7.7 * µm, 11.3 µm, and 17 µm features as well as that of the [SiII] line are plotted as a function of the X-ray relative to the blue luminosity (Table 1) . Here, since the X-ray luminosities of IC 3370 and NGC 7052 are not given in any paper, we estimate their upper limits on the basis of the log L B vs. log L X scatter plot in O' Sullivan et al. (2001) .
As seen in Fig.6 , there is no significant correlation between the PAH strengths and the X-ray luminosity. The destruction of PAHs by X-ray-emitting hot plasma would make anticorrelations in these plots if the majority of the observed PAHs were constantly replenished into interstellar space through mass loss of AGB stars and balanced against destruction in very short time scales. Figure 6 shows no clear signature of interactions between the PAHs and hot plasma, which may be due to the fact that the observed PAHs were predominantly supplied by rather accidental events in the recent past encounter with a gas-rich galaxy or feed-back outflow from a center, and thus their current amounts are mostly determined by the time when such an event took place.
Incidentally, there is no significant correlation of the X-ray luminosity with the H 2 S(1) line (R = 0.599), the [NeII] line (R = 0.516), and the ratio of the continuum at 35 µm to that at 6 µm (R = 0.273), either. However, we have found a significant correlation between the X-ray luminosity and the [SiII] 34.8 µm line. Si + has a low ionization potential of 8.2 eV, and the [SiII] line is among important cooling lines of PDRs. From a sample of the Spitzer SINGS galaxies, the observed [SiII] power is too large to be explained by a PDR model, which implies either that the majority of the [SiII] emission comes from HII regions in high-metallicity nuclear regions or that a relatively small fraction of Si is incorporated in dust grains (Roussel et al. 2007 ). The [SiII] line can also be a significant coolant of X-ray-dominated regions associated with AGNs (Dale et al. 2006 ). However, the galaxies with LLAGNs in our sample do not show substantially larger [SiII] line strengths than those without LLAGNs. In addition, the X-ray luminosity here is obtained from the ROSAT catalog where spectra are fitted by a hot plasma model with temperature fixed at 1 keV (O'Sullivan et al. 2001) , and therefore highly-absorbed hard X-rays from LLAGNs, if any, cannot account for such soft X-ray luminosity. Hence, the positive correlation of the [SiII] line with the X-ray luminosity may suggest relatively abundant gas-phase Si in interstellar hot plasma through sputtering destruction of the dust grains where Si is depleted. The difference from the case of the PAHs in which there is no apparent correlation with the X-ray might even indicate that the dominant supplying sources of silicate and carbonaceous grains are not the same.
Conclusions
We performed mid-IR spectroscopic observations of 18 local dusty elliptical galaxies by using the Spitzer/IRS. We have significantly detected the PAH 11.3 µm emission feature from 14 out of the 18 galaxies, and thus found that the presence of PAHs is not rare but rather common in dusty elliptical galaxies. We have confirmed that the strength of the PAH 7.7 µm feature that appears to be extremely faint for some galaxies can be considerably underestimated unless the presence of a stellar silicate feature and continuum underlying shortward of 10 µm is taken into account. Even considering the effect of the stellar component, most of these galaxies show an unusually weak 7.7 µm emission feature relative to 11.3 µm and 17 µm emission features. A large fraction of the galaxies also exhibit H 2 rotational line and ionic fine-structure line emissions, which have no significant correlation with the PAH emissions. The PAH features are well correlated with the continuum at 35 µm, whereas they are not correlated with the continuum at 6 µm. We conclude that the PAH emission from the elliptical galaxies is mostly of interstellar origin rather than of stellar origin, and that the unusual PAH interband strength ratios are likely to be due to a large fraction of neutral to ionized PAHs.
In this paper, we have taken a statistical approach to investigate the environmental effects on the PAHs in the elliptical galaxies, not concentrating on particular galaxies. We are currently conducting observations of the same sample elliptical galaxies in near-IR spectroscopy as well as 10-band photometry with AKARI (Murakami et al. 2007 ). We will report follow-on detailed studies of some interesting sample galaxies in seperate papers by combining Spitzer and AKARI results.
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b IR (1-500 µm) luminosity (Goudfrooij & de Jong 1995 and references therein) . . The bottom panel shows the comparison of the PAH 7.7µm feature strengths obtained by fitting the spectra before (PAH 7.7) and after (PAH 7.7 * ) the subtraction of the stellar component, together with a slope unity line. 
